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Low-heat Portland Cement. 


PORTLAND cement with a low heat evolution during hardening is to be used in 
the construction of La Angostura dam on the Bavispe river, Mexico. The follow- 
ing is an abstract of a paper read to the Association of Engineers and Architects 
of Mexico, in which Mr. F. Barona,-an engineer of the Mexican Irrigation Com- 
mission, described the development of a specification for this cement. 

The paper is divided into three parts, viz. (1) A brief description of the 
development of this type of cement and its use in the construction of dams ; 
(2) The specifications which have been drawn up for the construction of 
La Angostura dam, including a description of the new methods introduced to 
control the properties of the cement ; and (3) The author’s conclusions relating 
to the subject. In the paper the word cement denotes Portland cement. 


The Cause of Cracking. 


The Rodriguez dam on the Tijuana river, Lower California, is an Ambursen 
structure, 230ft. high, consisting of walls spaced 22ft. apart, on which rests a slab 
inclined at 45 deg. which supports the direct pressure of the water. In the year 
1928, when the construction of the walls of the dam began, it was noticed that 
cracks developed in the walls within a fortnight of placing the concrete. The 
cracks were generally vertical and spaced at 16ft. intervals. Their width was 
about 0.5 mm. As the cracks appeared before any load was applied to the walls, 
they were clearly due to contraction of the concrete. To determine whether 
the contraction was due to loss of humidity or to a decrease in temperature, 
the following experiment was made. 

Small electric resistance coils were placed in the formwork and left in the 
concrete after it had been deposited. Conductor wires—connected to the coils 
—were led outside the formwork and connected to a Wheatstone bridge to deter- 
mine the resistance and to enable the increase in temperature of the concrete to 
be calculated from the increase in the electric resistance. The experiment indi- 
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cated a quick increase of the temperature of the concrete, up to a maximum-— 
two days after pouring—of 35 deg. C. above the initial temperature. After 
this maximum had been reached, the temperature began to fall gradually to the 
initial temperature—from 15 to 20 days after pouring the concrete. 

Forty-eight hours after pouring the concrete the formwork was removed and, 
parallel to the upper edges of the cast section, two pipes fitted with water sprayers 
spaced at intervals of 6ft. 6in. were installed for the purpose of maintaining the 
humidity of the concrete. Ten days after casting, although the concrete was 
completely saturated, three cracks were noticed. 

These experiments proved that the cracks were not due to contraction through 
lack of humidity, but were caused by the cooling that took place subsequent 
to the increase of temperature resulting from the hydration of the cement. To 
prevent the formation of cracks, the method of construction was modified so 
as to reduce the length of the concrete blocks subject to contraction, and a cement 
with a lower and slower setting-heat factor was specified. Instead of casting 
the whole length of a section in a single operation, blocks 3o0ft. 6in. long were 
cast with spaces 5ft. long between them within which the reinforcement over- 
lapped. When the 3oft. 6in. blocks had contracted—28 days after casting— 
the intermediate spaces (B) were concreted. The length of these was too 
small to cause any cracks. The joints between the blocks were made parallel 
to the direction of the principal stresses, so as to place them where the shearing 
stress was zero. 

Investigation of Cement Theory. 


The studies which led to the specification for the new type of cement com- 
prised: (a) The study of the existing theories of the constitution of Portland 
cement ; (b) Comparative tests of Mexican and American cements ; (c) Inspection 
of several concrete dams in California ; and (d) Experiments carried out by the 
company supplying the cement to determine quantitatively the heat generated 
in the setting process by each of the main components of the cement. 

From the various theories on the constitution of cement, the theory which 
appears to be most closely related to the proved facts—ascertained from labora- 
tory experiments and the behaviour of structures made with cements of different 
composition—is that which recognises four main components. B. J. Colony, 
at the University of Columbia, N.Y., prepared separately each of these four 
components (calcining the required quantities of chemically pure reactives), and 
carried out experiments to determine the characteristics of each component. 
These can be summarised as follows :— 

The sum of the two silicates constitutes about three-quarters of the cement. 
These are the substances which most efficiently contribute to the development of 
the mechanical resistance, and are also the most stable and resistant to the effects 
of water or corrosive substances, such as salts, alkalis, and acids; thus they 
constitute the most valuable components of cement. The hydration of tri- 
calcic silicate (C,;S) takes place more quickly than that of bi-calcic silicate (C,S), 
and therefore its resistance and setting heat also develop more rapidly, par- 
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ticularly during the first seven days. Part of the C,S becomes subject to hydro- 
lytic effects, forming C,S and free lime. The latter, when combined with the 
anhydrate carbon of the air, produces the white efflorescence noticeable on struc- 
tures made with cement rich in C,S and having a high proportion of lime. As 
C,S is subject to slower hydration, the generation of its setting heat and its con- 
tribution to the resistance of the cement are slower. The latter mainly shows 
itself after the first week and develops until upwards of a year. The tri-calcic 
aluminate (C,A) hydrates quickly with the immediate generation of a great amount 
of heat ; its contribution to the resistance of the cement is very small and is 
mostly developed within the first 24 hours. The C,A is the least stable of the four 
components. It disintegrates under the effects of air and water and forms 
hydroxides of calcium and aluminium. It is also easily attacked by salts and 
alkalis. Due to the reasons mentioned, the presence of this substance in cements 
intended for use in hydraulic or marine works, or for works in alkaline soils, is 
disadvantageous, and its quantity should be reduced to a minimum (not exceeding 
8 per cent.). The fourth component (C,AF) is noted for its lack of activity ; 
its contribution to the resistance of the cement and its setting heat are low at 
all ages. It is less stable than the two silicates ; but it is more stable than the 
C,A. 

R. H. Bogue, at the Bureau of Standards, Washington, D.C., succeeded by 
X-ray analysis in identifying in Portland cement the four components mentioned. 
When penetrated by X-rays and photographed, each component produces a 
spectrum with specific characteristic lines which permit its identification. 

As a check on the theory mentioned, comparative tests were carried out with 
various Mexican and American cements in the laboratory at the Rodriguez dam- 
Most of the cements corresponded approximately to the following composition : 
C,S = 45 per cent., C,S = 27 per cent., C,A = 12 per cent., and C,AF = 8 per 
cent., that is to say, they contained a high proportion of both tri-calcic com- 
ponents (C,S and C,A), and in the tests showed high resistance and high produc- 
tion of heat at an early age. The few cements which constituted the exception 
had a smaller percentage of tri-calcic substances ; in the tests they gave a slower 
development of resistance and of setting heat. These results agree with the 
findings of Bogue and Colony, and also show that at that time most of the manu- 
facturers were anxious to obtain a cement of high resistance at a low age, and to 
this end were including a high proportion of tri-calcic compounds (C,S and C,A). 
The attitude of the manufacturers was mainly due to the fact that engineers judged 
the qualities of any cement almost exclusively by its strength at a low age. 

Dams built in California during the last ten years were inspected, and all 
were found to contain a number of cracks. This was to be expected, since the 
dams had been built with cement similar to that used in the first stages of con- 
struction of the Rodriguez dam. 


Effect of Components on Heat Evolution. 


The Riverside factory, which was supplying the cement for the Rodriguez 
dam, being anxious to produce a cement which would be more suitable for con- 
B 
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crete construction in large masses, undertook an investigation with the object 
of determining quantitatively the contribution of each component to the setting 
heat of the cement. In an experimental kiln seventeen kinds of cement were 
manufactured, in which a large number of modifications were made in the con- 
tents of each of the four main components. For each cement the setting heat 
was determined at various ages, and for each experiment the following equation 
was established : 

T (setting heat) = K, x per cent. C,S + K, x per cent. C,S + K; x 

per cent. C,A + Ky, x per cent. C,AF. 

The seventeen observation equations, solved by the Method of Least Squares, 

gave the values shown in Fig. 1. These values are very useful, as with a chemical 
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Fig. 1.—Contribution of each Component to the Setting Heat. 


analysis of any cement it is possible to calculate its constitution, and from the 
latter it is possible to calculate the probable setting heat. All these points were 
taken into consideration in preparing the specifications for the low-heat cement 
for the Rodriguez dam, the main points of which were as follows. 

The cement is to be in accordance with the specifications for Portland cement, 
designation No. C-g-1930, issued by the American Society for Testing Materials, 
with the following additions and exceptions, namely : 

(a) The tri-calcic aluminate (C,A) is to be in a profortion of between 0.5 and 
6 per cent. 

(b) It is required that 92 per cent., at least, of the cement will pass through 
a No. 200 screen. 

(c) The resistance to compression of normal mortar (I: 3) is to exceed the 
following limits: within 7 days, 70 kg. per square centimetre ; within 28 days, 
176 kg. per square centimetre. 
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(d) No tensile strength requirement is specified. 

(e) The heat produced by the setting of the cement during the first seven days 
is not to exceed 60 calories per gramme. 

As a result of the new method of construction, the formation of cracks was 
greatly reduced with ordinary cement and with low setting-heat cement the 
formation of cracks was entirely prevented. 


Large-scale Experiments. 


In 1931, when the scheme for the Boulder dam (height 728 ft.) on the Colorado 
river was being prepared, a series of investigations was undertaken for the purpose 
of determining the most suitable type of cement for the work. The first experi- 
ments were carried out in the University of California, and were continued after- 
wards on a larger scale in the laboratories of the Bureau of Reclamation, Denver. 
In the experiments at Denver, as in the case of the Riverside experiments, cements 
of widely varying chemical constitution were examined, using large samples of 
concrete with gravel of a size up to gin. and adiabatic calorimeters with a capacity 
of 700 cu. ft. 

Later, in the laboratories of the American Portland Cement Association, 
Chicago, extensive experiments were carried out with 121 kinds of cement differing 
widely in chemical composition. Notwithstanding that the experiments were 
carried out on a larger scale, the results obtained in Berkeley, Denver, and Chicago 
agree fairly well with the results obtained by Bogue and Colony. The silicates 
proved to be the most stable components and contributed mostly to the resist- 
tance of the cement ; the C,S at a low age—in the first week—and the C,S at 
subsequent ages. The contribution of the aluminates to the resistance of the 
cement was rather low. The CA is the least desirable component, due to its 
high setting heat, its great variation in volume in alternate conditions of humidity 
and dryness, and its low resistance to saline and alkaline solutions. 

The Morris dam, a gravity type 354ft. high, in California, was the first dam 
in the United States in the construction of which low-heat Portland cement was 
used. It is an excellent example of the good results that are possible when cement 
is properly used. Unlike many other concrete dams in California, this is in ex- 
cellent condition. No important leaks or cracks exist; the few cracks which 
have appeared are not only small but limited to a thickness of r1oft. from the 
faces. Although the concrete contained a small quantity of cement 
(360 Ib. per cubic yard) very high strengths—as much: as 4,260 lb. per square 
inch—were obtained at the age of six months. At 28 days the strength was 2,400 
lb. per square inch. A slow increase in strength is a characteristic property of 
low-heat cements. 

In the Boulder dam the use of low-heat cement, combined with an artificial 
cooling system, resulted in a structure practically free from cracks. The cracks 
in the dam are of small dimensions and do not affect its stability or watertight- 
ness. It was found that the concrete made in winter with low-heat cement was 
very slow in attaining strength and failed to support the bolts holding the shutter- 
ing of the upper lifts. Moreover, the quantity of heat produced by the setting of the 
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cement was very small, and due therefore to the small shrinkage of the concrete 
and the narrow widths of the construction joints it was not possible to inject 
grout into them. For this reason, a mixture of 60 per cent. of low-heat cement 
and 40 per cent. of ordinary cement was used during winter. 

This point was taken into consideration in the construction, in a very cold 
climate, of the Grand Coulee dam, Washington, where modified cement, a mixture 
of low-heat cement and ordinary cement was specified*. In the Norris and 
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Fig. 2. 


Tygart dams, situated in the Tennessee Valley and the Ohio Valley respectively, 
where the climate is more temperate than at the Grand Coulee dam, modified 
cement was also used, but with unsatisfactory results, as a fairly large number of 
cracks appeared. In the Norris dam water leaks through one of the cracks in the 
down-stream face. In view of the results obtained in the six dams mentioned, 





* Recently, however, some cracks have been noticed, and it has been decided to use low- 
heat cement instead of the modified cement. 
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it can be stated that low-heat cement is the most suitable type for use in the 
construction of large masses of concrete. 

Fig. 2 summarises the knowledge gained in the construction of the dams pre- 
viously mentioned and its application in the preparation of the specifications 
for La Angostura dam. To ensure durability and stability, it is necessary to use 
a cement capable of resisting chemical attack and unaffected by exposure. More- 
over, it is necessary to ensure the greatest possible mechanical strength and the 
least production of heat during setting. 

The properties of the cement depend on its chemical composition and the 
fineness to which it has been ground, to which its greater or smaller tendency to 
hydration at the contact surface between the cement and the water is due. The 
diagram shows the influence of the components and the degree of fineness on 
the main characteristics of the cement. It will be observed that the highest 
possible contents of silicates and the lowest possible content of C,A are favourable 
factors in securing the required properties. 

In the centre of the diagram is shown the specification for the cement to be 
used in La Angostura dam. The principal points are as follows : 

(1) To secure the highest percentage of effective cement, the sum of the 
four main components—active components—should exceed 92 per cent. 

(2) To secure the highest contents of silicates, the ratio of silicates to 
aluminates should exceed 3.35. 

(3) To obtain the lowest generation of heat during the setting process, the 
content of tri-calcic silicate shotld be lower than the content of bi-calcic silicate. 

(4) The contents of undesirable compounds such as tri-calcic aluminate, 
alkalis and free lime are reduced to the maximum limits shown on the diagram ; 
at the same time, the content of C,AF—the rather inactive component—is 
reduced to a permissible maximum. 

(5) A minimum degree of fineness is specified, and as tests the production of 
heat at the age of 7 days and resistance to compression at 7 days and 28 days 
are indicated. 

(6) The specifications of the American Society for Testing Materials are 
retained, in so far as they limit the contents of magnesia, sulphates, insoluble 
residues, and the loss on ignition. 


Manufacture and Tests. 


The specified cement was manufactured at a works close to the site of the 
dam, and the Irrigation Commission co-operated with the factory in the matter 
of technical advice concerning the manufacture. The analysis of the first 
1,500 tons of low-heat cement manufactured at this factory gave satisfactory 
results. 

To control the quality of the new cement it has been necessary to introduce 
new laboratory methods, which may be summarised as follows : 


(x) In the past it was not usual to include complete chemical analyses in the 
specifications and routine tests of the cement, but this analysis is now 





OcToBER, 1938 CEMENT AND LIME MANUFACTUR= PaGe 221 


indispensable as it gives the basis on which the chemical composition of the 
cement can be calculated. 

(2) The chemical analysis, to be complete, must include the determination 
of free lime, since all the lime present in any cement is not in the combined form. 
A certain portion, depending upon the efficiency of treatment in the kiln, remains 
free in the form of oxide of calcium which later becomes hydrated by absorption 
of atmospheric moisture. To ascertain the percentage of combined lime two 
determinations are necessary; one relating to the total lime and the other 


Fig. 4.—Lerch’s Calorimeter. 


relating to free lime. The difference between the two gives the percentage of 
combined lime. The determination of free lime is carried out by placing the 
cement in a mixture of absolute alcohol and glycerine; the mixture dissolves 
the free lime, which subsequently is neutralised—under heat—by means of a 
solution of acetate of ammonia of known concentration. In the mixture of 
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alcohol and glycerine an indicator (phenolphthalein) is added, which remains 
red as long as there is free lime which has not been neutralised. From the 
volume of acetate of ammonia required for the neutralisation the calculation of 
the content of free lime is made. 

(3) After carrying out the chemical analysis, the calculations relating to the 
constitution of the product are made on the basis of the proved fact that, at 
the normal temperatures existing in cement kilns, the compounds are formed 
in a given order according to their greater affinity or combining qualities. In 
the first place, all existing iron oxide is combined with the required quantities of 
alumina and lime to form the C,AF ; then, the remaining alumina is combined 
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with the necessary quantity of lime to form the C,;A. Then the silica 
combines with lime to form C,S, and, finally, the surplus lime (excluding the free 
lime and the lime in the gypsum) is combined with the required quantity of 
C,S to form the C,S. 

The calculations to determine the constitution of the cement by the method 
described are tedious when carried out by algebra, but the work is simplified 
by preparing the diagram shown in Fig. 3, from which the results may be 
obtained by graphic methods. 

(4) The setting heat is determined with a calorimeter (Fig. 4) of a simple 
and economical type. This was invented by Williams Lerch, and consists of a 
thermos flask, a Beckman thermometer sensitive to 0.oo1 deg. C., and an agitator 
driven by an electric motor provided with a rheostat to regulate the speed of 
the motor. The interior of the calorimeter and the thermometer and agitator 
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are varnished with a resin (Vynilita) which protects the glass against the effects 
of the hydrofluoric acid used in the test. 

The determination of the setting heat with this calorimeter is based on 
Hess’s Law, which states that ‘‘ The heat produced in the formation of a compound 
is independent of the sequence in the process of its formation.’”’ This is 
diagrammatically expressed in Fig. 5. The values obtained by means of this 
simple method agree with those obtained in adiabatic calorimeters. They also 
agree with the results obtained by calculations of the composition, applying the 
coefficients found in the experiments carried out at Riverside. 

(5) To determine the specific surface, a very simple method—the turbidi- 
meter—is also used. This apparatus comprises an electric lamp connected to an 
accumulator and to a rheostat, in order to regulate the strength of the light 
given. Inside there is a photo-electric cell connected to a micro-ammeter. 
Between the lamp and the cells there are two screens which support glass. 
containers ; both contain castor oil. The upper element acts as a heat filter, 
whilst the lower element contains successively oil only, oil with cement in 
suspension of known fineness, and oil with the cement in suspension whose 
fineness is to be determined. 

The intensity of the light decreases when it passes through the screen formed 
by the cement in suspension in the oil. The decrease of the intensity of the 
light (or of electric current produced in the photo-cell) is in proportion to the 
specific area of the cement, and in accordance with the formula C (log, I,—log, I,) 


= KS, in which C is a constant depending on the apparatus used. I, and I, 
are the intensities in micro-amperes of the electric current produced with and 
without the screen, respectively, and K is a constant depending on the opacity 
of the cement (K = 0.00024 for white cement, K = 0.00025 for ordinary cement, 
and K = 0.00026 for low-heat cement, approximately) ; S is the specific are. of 
the cement in square centimetres per gramme. 


Conclusions. 


Some conclusions of a general nature follow. 

(1) The investigations proved to be very useful, not only with regard to the 
special problem which gave rise to them, that is, the construction of great masses 
of conerete, but because they have increased our knowledge of Portland cement. 
At the present time it is only necessary to know the chemical composition of a 
cement and the degree of fineness to which it has been ground, to obtain an 
approximate idea of the characteristics of the cement and its suitability for 
a given type of work. On the other hand, to secure a cement which will be suitable 
for a given type of work, it is only necessary to specify a suitable chemical 
composition and a suitable degree of fineness. 

(2) The problems concerning a concrete structure such as the Rodriguez dam 
can be solved by various methods, namely, by simultaneous or separate modi- 
fications in the design, the method of construction, or the qualities of the materials 
to be used. A study of each, taking also into consideration the economic factors, 
will show which is most convenient. When preparing specifications for special 





PaGE 224 CEMENT AND LIME MANUFACTURE OcToBER, 1938 


materials, it is necessary to take account of the manufacturers’ point of view, 
as local conditions may make a change in the qualities of the materials too 
expensive, and it may be more suitable to modify the design or the method of 
construction. 

(3) Cement, as an active ingredient of concrete, influences considerably the 
quality of the work; but there are other very important factors which must 
always be borne in mind, such as the proportion of water to cement, and the 
maximum size, fineness and cleanliness of the aggregates, etc., since it would be 
absurd to control the cement very strictly in accordance with new theories and, 
on the other hand, neglect the control and composition of the concrete. 

A concrete in the proportions of 1: 2:3, made with low-heat cement, 
produces a greater increase in temperature and a greater tendency to the 
formation of cracks than a 1: 3:6 concrete made with ordinary cement. A 
porous concrete made with cement containing a high proportion of silicates and 
a low content of tri-calcic aluminate is more likely to disintegrate than a 
waterproof concrete made with ordinary cement. 


Heat of Solution of Lime and Magnesia. 


The heat evolved during the hydration of lime can be derived from the differ- 
ence between the heat of solution of the unhydrated and hydrated constituents 
by the application of Hess’s law of constant heat summation, which states that 
the change in heat content of a system in passing from one state to another is 
independent of the path. 

According to the Technical News Bulletin of the United States National 
Bureau of Standards, Messrs. Kenneth Taylor and Lansing S. Wells, of the Bureau’s 
lime and gypsum section, have found that the heat of solution of magnesium 
oxide (a constituent of some limes) in hydrochloric acid depends on the tem- 
perature of preparation. It is believed that the decrease in the heat evolved 
may be ascribed mainly to an increase in the particle size of the MgO as the 
temperature of ignition was increased. Since X-ray diffraction patterns were 
similar there appeared to be no change in crystalline form. The increase in 
particle size was indicated by a decrease in the rate of solution in the calorimeter 
and was verified by sedimentation experiments. Likewise, the heat of solution 
of Mg(OH), was also found to vary somewhat, depending upon the method of 
preparation. Consequently the heat of hydration of MgO to Mg(OH), as derived 
from the heat-of-solution data may vary, depending upon characteristic properties 


of both MgO and Mg(OH),, values from — 10.04 to — 8.84 kcal per mol. having 
been obtained. 

Heat of solution values for CaO and Ca(OH), in hydrochloric acid of two con- 
centrations were obtained, from which was calculated the heat of hydration 
of CaO to Ca(OH),. The heat of hydration was also measured by direct hydration 
of CaO in saturated lime water. The values were compared with those obtained 
by other investigators. The complete report of this work will be published as 
Research Paper 1121 in the Bureau’s Journal of Research. 
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Design and Operation of Modern 
Lime Works.—xXIV* 


By N. V. S. KNIBBS, D.Sc. 
(Continued.) 


The After-treatment of Hydrate. 


In some processes of hydration (used in America to a limited extent) the 
lime is finely ground before hydration, and the material discharged from the 
hydrator may then usually be passed immediately to the final storage or bagging 
hopper. Ordinarily, however, the lime used is only roughly ground, or crushed, 
or even, in one type of hydrator, used in lump form, and then it is always 
necessary to separate the coarse material from the fine after hydration when the 
product is required for any of the usual purposes. Even when they are finely 
ground some magnesian limes tend to aggregate into coarser particles during 
hydration, and it is desirable to separate or pulverise them after hydration. 

For separating the fine hydrate from the coarse residues the early hydrating 
plants employed screens, but it was soon found that they are unsatisfactory for 
the purpose. Not only should hydrate for most purposes be finer than can 
satisfactorily be obtained by the screening process, but also cold hydrate is not 
a free-screening material and the output obtainable on a given size of screen is 
small. When freshly made, hot, and in its “ lively ’’’ condition, it is free-flowing 
and free-screening, but it is then accompanied by steam which condenses on 
any cold surface and causes “ blinding ”’ of the screen. In fact it may be said 
that hydrate which may be. screened satisfactorily is generally too low in water 
content to be safe for ordinary purposes. Another reason for the superiority 
of air separation over screening for the treatment of hydrate lies in the fact that 
a screen separates by size alone whilst an air separator also differentiates between 
particles of different density, so that a particle of light hydrate may be carried 
by the air into the “fines” whilst the same size particle of unhydrated lime 
or impurity, being heavier, may be left in the tailings. 

Alternative complete systems of hydrate treatment may be seen in Figs. 66, 
67 and 68. Fig. 66 represents a Clyde hydrator and Raymond separation system 
with pulveriser (see also Fig. 57(!)). The material is dumped in batches from the 
hydrator into the hydrated lime hopper, whence a feeder and conveyor take it 
to the separation plant. Alternatively, and perhaps more frequently with this 
type of hydrating plant, there may be “ ageing’ hoppers between the hydrator 
and the separating system. The separating plant consists of a pulveriser, an air 
selector or separator, a cyclone dust-collector, a fan, and connecting tubing. 
In the separator the fine is separated from the coarse material and the latter 


“e 


* Previous articles of this series appeared in our issues for January, February, March, 
April, May, August, September, October, November and December, 1937, and January, 
March, April, May, July and September, 1938. 

1 Cement and Lime Manufacture, May, 1938, p. 115. 
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returned to the pulveriser, whilst the fines pass on via the fan to the cyclone 
where they are thrown down and (in the arrangement shown) immediately 
bagged, the air from the cyclone returning to the pulveriser. There may also 
be a ‘‘ throw-out gate”’ (not shown) where relatively coarse particles are dis- 
charged from the system instead of being retained until pulverised fine enough 
to pass the separator. By varying the speed of the pulveriser any desired degree 
of grinding may be obtained, and the separator is variable to control the fineness 
of the product. 


Evevaror 


Fig. 66.—Arrangement of Hydrating Plant. 


Fig. 67 is a typical layout of a Schulthess hydrator with a Stag mechanical 
air separator. The material from the hydrator is elevated to the hydrated lime 
storage bin, where it remains for a period to continue hydration. A heavy 
extracting screw removes it from this bin, and a second elevator feeds it to the 
air separator under which is placed a small fines bin with a bagging machine 
attached. The tailings pass outside the building through the tailings chute, 
to be bagged or otherwise dealt with outside. This system necessarily leaves 
some fine hydrate in the tailings, the amount depending on the size and efficiency 
of the air separator and on the grading required in the fines. 
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Fig. 68 shows a Knibbs hydrator with a Sturtevant air-separating plant. 
Large lump-lime is discharged directly from rail wagons into a hopper, whence 
it is fed mechanically to the crushing plant and elevated to the crushed-lime 
storage hopper which feeds the hydrator. The material from the hydrator is 
lifted by an elevator to a worm conveyor which ensures an even rate of feed to 
the first air separator, the fines from which pass directly into the hydrate storage 
bunker. The tailings are conveyed across to a second and smaller air separator 
which strips them of fine hydrate, leaving ‘“‘ clean ’”’ coarse tailings. The fines 
from the second separator pass down a chute to the hydrate elevator, mixing 
with the material from the hydrator, and passing back to the first separator. 
This system permits the production of as fine a hydrate as may be desired, 
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Fig. 68.—Arrangement of Hydrating Plant. 
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without leaving fines in the final tailings and without pulverising the tailings. 
Fig. 68 also shows the units of the washing-preheating system attached to the 
hydrator. 

The most suitable system of hydrate separation depends on the type of lime 
being treated and on the use to which the products are to be put. There are 
many plants in use, especially in America, in which only one product is made 
without any tailings. The impurities, unhydrated lime, etc., are kept in the 
separating system until they are reduced by the pulveriser to the fineness of 
hydrate, when they pass out with the latter, and the purity of the hydrate is no 
better than that of the lime fed. If the hydrate is to be used for building 
purposes, and if the impurities are pulverised sufficiently finely, there may be no 
noticeable imperfection in the hydrate, but there are two grave defects in the 
system. The process of hydration is designed primarily to convert quicklime into 
a product better adapted to the use to which it is to be put. One advantage of 
hydration, if it is accompanied by appropriate after-treatment, is that it permits 
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the elimination of impurities which, for the use to which the lime is to be put, 
are worthless or actually harmful. Deliberately to adopt a system of treatment 
which, instead of eliminating these impurities, merely hides them is to defeat 
one of the objects of hydration. The second defect is that such a system can 
easily produce an unsound hydrate. If the quick-lime is not finely ground it 
breaks up to a powder only on hydration, and if all material not in fine powder 
form is eliminated from the hydrated lime nearly all the unhydrated lime goes 
into the tailings; but if the tailings are pulverised and added to the hydrate 
there is nothing to prevent the latter from containing any proportion of 
unhydrated lime and, in fact, there are several instances on record of a hydrating 
plant operating on this system producing a material of extreme fineness which, 
in use, failed completely owing to general expansion due to the unhydrated 
lime content. 

If there is a sufficient demand for a second-grade hydrate, for example for 
agriculture, a single separator will produce a good first quality and a suitable 
second quality hydrate, but the proportion of each is somewhat inflexible. 
To suit a varying market, the combination of two mechanical separators permits 
of any desired alteration in the amount of the second product without varying 
the quality of the first, and if no second-grade hydrate is desired it gives tailings 
which can be dumped as waste. If the other type of separating plant is employed, 
with a pulveriser in circuit, the latter should, for reasons just given, be driven 
so slowly as to avoid any pulverising action. 

There is a limited demand for a superfine product—much finer than that 
called for in a building hydrate—and this is easily produced by a modification 
of the separating systems described. If the quantity is very small it may, for 
example, be obtained by having a bag filter, as in Fig. 57, to deal with the air 
bled from the system, after the cyclone collector. In systems employing 
mechanical separators a proportion of the total lime may be fed to a separator 
set to produce the required fineness, the tailings being passed on to mix with the 
remainder of the hydrate for separation in the ordinary way. 

The plant lay-out shown in Fig. 67 is by Edgar Allen & Co., Ltd., in Fig. 66 
by International Combustion, Ltd., and in Fig. 68 by Sturtevant Engineering 
Co.. Ltd. 

(To be continued.) 
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Free Calcium Oxide and Free Calcium Hydroxide 
in Portland Cement. 


METHODS for determining the free lime content of Portland cement have been 
investigated and satisfactory methods are now available for determining the 
total content of the free calcium oxide and free calcium hydroxide, referred to 
as total free lime in a paper recently submitted to the Association of Japanese 
Portland Cement Engineers by R. Naito. 

Free, or uncombined, calcium oxide usually occurs to a small extent in 
Portland cement clinker and in the finished cement. Cement obtained from 
under-burnt clinker has always a larger quantity of free calcium oxide than 
cement from well-burnt clinker. There are remarkable differences of properties 
between these two cements. Cement often contains a considerable quantity 
of total free lime when sold. It is difficult, however, to find a relation between 
the properties of this cement and its total free lime content, as may be done 
in the case of fresh cements. 

The paper deals with the effect of free calcium oxide upon some properties 
of cement and the need of determining the content of the free calcium oxide and 
that of the free calcium hydroxide separately. 


Method of Determination. 


The alcohol-glyceroi method described by Lerch and Bogue' was found to 
be the most satisfactory for determining the total free lime content of unhydrated 
Portland cement, and has been used in this study. The calcium hydroxide 
has been estimated by Bessey’s calorimetric method?, which was devised for 
hydrated Portland cements and cement mortars. It seems necessary to confirm 
that the calorimetric method is not affected by decomposition of the hydrated 
compounds, other than calcium hydroxide, and combination of the calcium 
hydroxide or other compounds during ignition of the cements. The following 
experiments show that the calorimetric method is suitable for determining the 
free calcium hydroxide in unhydrated Portland cement. 

(i) Determination of heat of hydration of cement and calcium hydroxide 
ignited at different temperatures between 350 deg. C. and 550 deg. C. for half 
an hour. 

Cement A (Table 1) was used as a sample. It was obtained from clinker 
containing no free calcium oxide and its content of total free lime was only 
0.09 per cent. Hence, the total free lime of cement A may be considered as 
in the form of free calcium hydroxide. 

The results given in Fig. 1 (A) show that decomposition of the compounds 
other than calcium hydroxide is not appreciable on igniting the cement at 


350 deg. C. to 550 deg. C. 


1 W. Lerch and R. H. Bogue: Ind. Eng. Chem., Anal. Edition (1930) 2, 296. 
2 G. E. Bessey, Building Research Station, Technical Paper No. 9, London (1930). 
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Sample Estimated 
ho | Serve Cement ACa/oH) Ca(OH), 
No. (3) (Ca0g) (C09) 
| 10 60 0-0) 


G5 05 0:50 


Heat of Hydration (cal). 


Temperature deg. C. 
Fig. 1 (A). 


(ii) Estimation of calcium hydroxide in cement containing a known amount 


of pure calcium hydroxide. 
Different amounts of pure calcium hydroxide were added to separate samples 


of cement D (Table 1). Estimations of the calcium oxide content in each 
sample were carried out by the calorimetric method. The relation between the 
mixed quantity of pure calcium hydroxide and the estimated value of calcium 


Calow)2 Estimated (CaO percent) 


- Glon)2 Mixed with cement (Ca Oper cent) 
Fig. 1 (B). 
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hydroxide is illustrated by Fig. 1 (B), but the figure fails to give the com- 
bination of calcium hydroxide and other compounds in cement. 

(iii) Effect of the temperature at which the cement is ignited. 

The calorimetric method depends upon the fact that calcium hydroxide 
does not dissociate below 350 deg. C., whilst dissociation is nearly complete 
after ignition for half an hour at 550 deg. C. Samples of the cement were 
ignited at each of these temperatures, and the difference in the heat evolved 
on hydration was measured. 

Some cements on the market, ignited at 550 deg. C., form lumps on 
subsequent immersion in water. However, should these cements be ignited 
at 510 deg. C., the lumps decrease and the heat of hydration is reduced owing 
to the slow liberation of heat from the lump. Since diminution of the 
temperature range of 350 deg. C. to 550 deg. C., if possible, is essential for 
obtaining accurate results, the author selected ignition temperatures of 
390 + 10 deg. C. and 510 + Io deg. C. in place of 350 deg. C. and 550 deg. C. 
respectively. 


Constitution of Clinkers and Some Properties of Fresh Cements. 


The samples used were fresh cements which were obtained from fifteen 
kinds of clinkers. The clinkers were ground in a small ball mill. The cements 
in Table 1 are some of these fifteen cements. The fineness and chemical 
composition, excepting free calcium oxide, do not differ greatly. 

(i) Constitution of clinkers. 

The constitution of Portland cement clinkers containing different quantities 
of free calcium oxide was examined. Thin sections of the clinkers, from which 
the cement A, B, or C (Table 1) was obtained, were examined petrographically. 
Clinker A has no free calcium oxide and is more compact than clinker B or C 
which shows a larger amount of free calcium oxide. According to the 
observations made under the microscope, the mineral components of these 

TABLE 1. 
FINENESS AND CHEMICAL COMPOSITION OF THE CEMENTS. 





Fineness | Chemical composition 


| 


SiO, | Al,O. 


ee 


Cement |Residue on | Residue on |Sp. sur.* | F.CaO | F.Ca(OH),} SO; 
4,900M. 10,000M. | (cm?/g) (%) (CaO%) (%) | H.M. 
(%) (%) 





2.7 8.4 1550 | 0.09 07 
2.9 | 9.0 1560 . 0.4 O05 
2.8 8.6 1610 : 0.5 .08 


8.8 1540 1.3 0.9 .03 
8.5 1600 OE 0.2 .05 
9.0 1580 | 0.4 0.3 | 1.06 























* The specific surface of the cement was determined by Wagner’s turbidimeter. 
clinkers are essentially alit, belit, and ground mass. In sections of the clinker A 
the alit grains predominate. In sections of the clinker B or C, however, less 
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alit and a comparatively larger amount of belit and ground mass are observed. 
This proves that the clinker with a small amount of free calcium oxide is 
well-burnt. A determination of the free calcium oxide content in a clinker is, 
therefore, valuable as an indication of its quality. 

(ii) Hydration of cements. 

A microscopic examination of the hydration of fresh cements A, B, C and 
an aerated cement was carried out ; the aerated cement was obtained from C 
and is referred to as cement C’.. Ona microscope slide several forms of crystals— 
fine needles, thick needles, thin hexagon plates, and calcium hydroxide plates 
and hexagonal prisms—and amorphous matter can be often observed. There 
are differences in formation of the crystals between cements with different 
contents of free calcium oxide. The thick needle crystal was easily recognised 
by its form and its higher birefringence. In the case of fresh cements, the fine 
needle crystal is formed from cement A only ; from cements B and C the thick 
needle crystal is formed. The aerated cement C’ shows the fine needle crystals 
formed with fresh cement A. The thin hexagonal plates which are formed 
from cement A and C’ are smaller than those from cements B and C. The 
variation in formation of the crystals is considered to be due to the difference 
of solubility of cements with different content of free calcium oxide. 

(iii) Soundness of cements and volume change in set cements. 

Differences in soundness owing to different amounts of free calcium oxide 
in cement are shown in Fig. 2. The free calcium oxide contents of the cements 
range from o to 2.04 per cent. The methods used for testing the soundness 
of the cements were the boiling, cold pat, and Le Chatelier tests. 

In cements with a free calcium oxide content of I.0 per cent. the Le Chatelier 
expansion increases. By the boiling pat test, cements having a free calcium 
oxide content of 1.2 per cent. or over are shown to be unsound. Cements with 
up to 2 per cent. of free calcium oxide are unchanged with the cold pat test. 

Volume change in set cements was measured by Bauschinger’s apparatus. 
The samples used were cements A and C (Table 1), and the specimen of neat 
cement (water: cement ratio 0.16) was kept in moist air before measuring its 
length, which was taken as standard. It was then stored in air, water, or 
sea-water and measured at various periods. According to the results of the 
test, a cement having a larger amount of free calcium oxide expands more 
than a cement with a less content of it, either in fresh water or sea-water 
respectively. 

(iv) Setting time of cements. 

The setting fime of the cements was determined by the Japanese standard 
method from the six cements shown in Table 1. The results show that the 
cements B, C and D set more rapidly than the cements A, E, and F which 
contain less free calcium oxide. 


Free Calcium Oxide and Free Calcium Hydroxide Contents of Cements. 


Cements having a larger amount of total free lime (1.8-2.6 per cent.) were 
selected from cements on the market. They had a comparatively small amount 
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of free calcium oxide (0.1-0.9 per cent.) and were sound with the boiling and the 
cold pat and Le Chatelier tests. The free calcium hydroxide in cement, 
therefore, can be considered as without influence on the results of the 
soundness tests. 

Conclusions. 


Several differences in properties, such as the constitution of clinker, hydration 
and setting time of cement, soundness and volume changes in set cement, were 
recognised according to the different contents of free calcium oxide. A micro- 
scopic examination of thin sections of clinker shows that a clinker containing 


Le Chatelier expansion (nm) 








Free CaO (per cent) 


Fig. 2.—Relation between Free Calcium Oxide 
and Unsoundness of Cements. 


a small amount of free calcium oxide is well-burnt. The content of the calcium 
oxide in a cement affords a measure of potential unsoundness, which begins 
to appear when the content of free calcium oxide is slightly in excess of 
I per cent. But total free lime cannot be taken as a criterion of soundness. 
In cements as marketed, the greater part of the total free lime is usually present 
in the form of hydrated lime. Hence, it is necessary to determine the free 
calcium oxide and free calcium hydroxide contents separately. 
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Recent Patents Relating to Cement. 


Hydraulic Cements. 


483,770. O. Rolfsen. 

A process for producing cement consists 
in first burning, at a temperature of about 
1,200 deg. C., a charge which contains 
only part of the lime necessary for a 
normal Portland cement, mixing the 
clinker produced with the rest of the 
lime and with additional sesquioxides, 
e.g. Al,O,, if necessary, grinding, and 
reburning at a temperature of about I,400- 
1,500 deg. C. The first charge may 
consist substantially of only carbonate of 
lime and silica, the product being mainly 
dicalcium silicate. In an example a 
charge consisting of 75 to 80 parts of 
CaCO, and 22 parts of SiO, is burnt at 
1,200 deg. C. for about Io minutes. The 
product is mixed with a further 40 parts of 
CaCO, and 8 parts R,O, and the mixture is 
reburnt at 1,400 to 1,500 deg. C. for about 
10 minutes. The invention may also be 
applied to the production of alumina 
cements, part of the lime being added to 
bauxite for carrying out the first step, the 
product being ground, mixed with the 
rest of the lime and reburnt. 


Feb. 18, 1937. 


Rubber Cement. 


484,712. Rubber Producers Research 
Association, W. G. Wren, G. Martin, 
A. T. Faircloth and W. S. Davey. Nov. 
II, 19306. 

A rubber-cement composition which 
does not shrink or crack after setting is 


ALITE No. 1. 


SUPER 
REFRACTORIES 


for 


CEMENT 
KILNS 


ALITE B. 
ALITE D. 


made by adding caustic potash, caustic 
soda, or lime to the mixture of latex and 
Portland or aluminous cement. Stabilizers 
such as casein, saponin, or sodium silicate 
must be added, and, in addition, vulcanis- 
ing ingredients may be present. The 
cement may be mixed with granite, 
marble chippings, asbestos, cork, wood 
flour, or other suitable filling materials 
before addition to the latex. The Pro- 
visional Specification mentions the use 
of gum arabic instead of caustic potash, 
caustic soda, or lime. 


Granulating Cements. 


Krupp Grusonwerk Akt.- 
1937- 

Flour-like material, such as crude 
cement powder, is granulated in troughs 
(2) oscillated by an eccentric or an oscil- 
lating mass (3) and supported on springs 


484,057. F. 
Ges. Sept. 2, 


(16). The material is moistened before 
it is fed by a chute (1) or whilst in the 


68% ALUMINA 


Refractory Standard 3260° Fahr. 


57% ALUMINA 


Refractory Standard 3180° Fahr. 


41% ALUMINA 


Refractory Standard 3150° Fahr. 


E. J. & J. PEARSON, LTD., 


STOURBRIDGE, ENG. 
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troughs and is given a circular or elliptical 
motion in the troughs whereby spherical 
bodies are formed, the size of which may 
be varied by the admixture of dry material. 
The material passes through the troughs 
in succession and the granulated product 
is discharged on to a screen (4), the over- 
size granules being crushed by rods (6) 
oscillating in a perforated trough (5). 
The material from the screen (4) drops on 
to a screen (7) from which it slides into a 
discharge outlet (8), the undersize gran- 
ules which pass through the screen (7) 
are discharged through orifice (9) and 
returned to the troughs. The troughs 
may be coated with a non-caking material 
and may be heated by fluid passing 
through chambers (11) formed under 
the troughs and connected in series by 


pipes (13). 


Asbestos Cement Compositions. 


485,774. C. W. Brown and G. V. 
Parker. January 6, 1937. 


A wall board for lining walls, ceilings 
or other supports is made from a com- 
position of substantially 70 per cent. 
diatomaceous earth, which may be cal- 
cined, 174 per cent. cement such as 
Portland cement, and 12} per cent. 
asbestos, the board being made, as by a 
board mill or Fourdrinier machine, and 


Witt! 


fis 
da 


allowed to dry. The boards remain in a 
more or less plastic condition for two or 
three days after making. They may be 
moulded with an integral jointing margin 
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(4, Fig. 1), which may be further moulded 
to form a picture rail (7, 8, Fig. 2). 
Separate strips for covering joints may be 
made with an embossed ornamentation, 
parts of which may be omitted to provide 
screw holes, the screw head having a 
hole to receive a boss or other ornament 
completing the ornamentation. 


Making Cement. 


483,822. C. E. Every-Clayton (F. L. 
Smidth & Co. Aktieselskabet). Septem- 
ber 24, 1936. 

Ground cement raw material is separa- 
ted into two parts, one fine and one coarse, 
and the fine fraction is subjected to 
froth-flotation, e.g. to increase the pro- 
portion of lime therein. The coarse 
fraction (A) and the concentrate (B) 
from the flotation cells may then be 


Row Starting 


Material. FIG 4.9 fw Storting 


Materra/ 


FIG. 3. 


% Kiln RKinT To Kitn a Kin I 
mixed to form a composition suitable for 
burning ; or part of A may be so mixed, 
the other part being reground with raw 
material ; or A and B may be burned 
separately to form special cements; or 
the arrangements shown in Figs. 3 and 4 
may be adopted; or all or part of B 
may be combined with ground raw start- 
ing material or with separated coarse 
material or with both of these. The fine 
fraction may be ground again after 
separation and before flotation. <A 


detailed example is given. 





